. Purpose: Emerging evidence suggests physical activity (PA) is associated with cognitive function. To overcome limitations of self-report PA measures, this study investigated the association of accelerometer-measured PA with incident cognitive impairment and longitudinal cognition among older adults. Methods: Participants were recruited from the cohort study Reasons for Geographic and Racial Differences in Stroke in the United States. Accelerometers provided PA measures, including the percentage of total accelerometer wearing time spent in moderateto-vigorous-intensity PA (MVPA%), light-intensity PA, and sedentary time for four to seven consecutive days at baseline. Cognitive impairment was defined by the Six-Item Screener. Letter fluency, animal fluency, word list learning, and Montreal Cognitive Assessment (orientation and recall) were conducted to assess executive function and memory. Results: Participants (N = 6452, 69.7 T 8.5 yr, 55.3% women, 30.5% Black) with usable accelerometer and cognition measures spent extremely limited time in MVPA (1.5% T 1.9% of accelerometer wearing time). During an average of 3 yr of follow-up, 346 cases of incident cognitive impairment were observed. After adjustments, participants in higher MVPA% quartiles had a lower risk of cognitive impairment (i.e., quartile 2: odds ratio = 0.64, 95% confidence interval = 0.48-0.84) and better maintenance in executive function (Q0.03 z-score units) and memory (Q0.12 z-score units) compared with quartile 1 (P G 0.05). Stratified analyses showed the same association among White adults, but higher MVPA% was associated with better maintenance of only memory among Black adults. No significance was found for light-intensity PA or sedentary time. Conclusion: There was a dose-response relationship between MVPA% and cognitive function in older adults, with higher levels associated with a 36% or lower risk of cognitive impairment and better maintenance of memory and executive function over time, particularly in White adults.
A s the population ages, cognitive impairment, including Alzheimer_s disease and other forms of dementia as well as lesser declines associated with aging, has become one of the greatest health threats. The total number of new cases of dementia each year worldwide is nearly 7.7 million, and the total number worldwide is projected to nearly double every 20 yr, to 65.7 million in 2030 and 115.4 million in 2050 (36) .
Engagement in physical activity (PA) can positively influence the health of older adults and reduce the risk of many chronic diseases (28) . Previous studies support the assertion that PA delays the onset of cognitive decline and the incidence of dementia or Alzheimer_s disease associated with aging (1, 2, 31) . Most existing studies, however, have relied on self-reported PA assessments, which may be influenced by recall biases, health status, depression, cognitive ability, and other factors, especially for older adults. Objective PA measures have been increasingly used to overcome limitations of self-report measures, but the sample sizes of those present studies were relatively small (10, 32) . More objective assessments of PA are needed to better define the dose-response association of various PA outcomes with cognitive function.
In addition, important differences exist in PA levels across racial/ethnic groups (29) . Racial/ethnic minorities are more likely to be misclassified by many self-report questions (4) . To date, few investigations are based on national studies, including a large proportion of Black participants. A better understanding of the relationship between objectively measured PA and cognition in different racial/ethnic groups would significantly add to our knowledge of how to best promote healthy cognitive aging. Thus, the purpose of this study was to investigate the association of objectively measured PA with longitudinal cognitive function (including global cognitive function, memory and executive function) in White and Black older adults.
METHODS
Study cohort. The Reasons for Geographic and Racial Differences in Stroke (REGARDS) study is a national longitudinal study of Black and White older adults, enrolled January 2003-October 2007 in United States (19) . REGARDS is designed to investigate causes of regional and racial disparities in stroke mortality. Using a computer-assisted telephone interview, trained interviewers obtained demographic information and medical history. In-home brief physical examination was conducted 3-4 wk after the telephone interview. Participants are followed every 6 months for possible stroke outcomes, annually for global cognitive status, and every 2 yr for assessment of memory and executive function. An ancillary accelerometer study was approved in October 2008 for implementation into the ongoing study (20) . A question was added during telephone follow-up, asking participants if they were willing to wear an accelerometer and to complete a daily activity log for 1 wk. Upon acceptance, an accelerometer and a log sheet were mailed to participants, with instructions. Detailed design and methods have been described elsewhere (20) . All participants gave informed consent, and the study was approved by the institutional review boards of Arizona State University, University of South Carolina, and University of Alabama at Birmingham. Participant characteristics were collected at time of enrollment into the parent REGARDS study. Age, race, sex, and region of current residence (southeastern U.S. stroke belt vs the rest of the United States), highest education level, smoking (current, never, and past), physician diagnosis of stroke, history of hypertension, and health status were defined by self-report. Body mass index (BMI) was determined from measured height and weight. Blood pressure was defined as the average of two measurements taken using a standard protocol. Diabetes was defined as fasting glucose level 9126 mLIdL j1 (or 9200 mLIdL j1 if participant was nonfasting) or self-reported medication use for glucose control. Of the 12,146 participants who consented to wear an accelerometer, 8096 provided data after exclusions for failure to wear or return the device, device error, missing log sheet, and noncompliance with the criterion of 94 d with 910 hId j1 of wear time. Details of inclusion and exclusion are described elsewhere (18, 20) .
Cognitive impairment was defined by each participant_s score on the Six-Item Screener (SIS) (9) . SIS scores ranged from 0 to 6, with a score of G4 correct responses indicating cognitive impairment (9) . No participant in this cohort developed incident cognitive impairment before PA variables were measured. After sensitivity analysis, cognitive tests conducted T12 months of PA measurement were selected to achieve the largest sample size without affecting the results significantly. Participants were excluded if they 1) had no record of SIS within T12 months of PA assessment (n = 696), 2) were identified as cognitively impaired within T12 months of PA assessment (n = 323), 3) had no record of one or more items of participant characteristics (age, sex, race, etc.) mentioned (n = 85); 4) had no follow-up SIS assessment after the date of wearing the accelerometer (n = 338), and 5) had a stroke before the most recent follow-up SIS assessment (n = 202). A final sample of 6452 participants with usable accelerometer data and at least one complete follow-up SIS measure were included in the analyses.
Measures. An Actical TM (Mini Mitter Respironics, Inc., Bend, OR) worn over the right hip while attached to a neoprene waistband provided estimates of the frequency, intensity, and duration of PA. Participants were instructed to put on the device after waking up each morning and take it off before going to bed each evening. Participants were instructed to wear the device for seven consecutive days and return the device immediately after. For all participants with usable data, absolute time spent in sedentary behavior (SED), light-intensity PA (LPA), and moderate-to-vigorousintensity PA (MVPA) and proportions of total accelerometer wear time spent in SED (SED%), LPA (LPA%), and MVPA (MVPA%) were determined. Nonwear periods were defined as a string of 0 counts per minute for 9120 consecutive minutes (21) . Activity count cut points were applied to differentiate SED (0-49 counts per minute), LPA (50-1064 counts per minute), and MVPA (91065 counts per minute), respectively (17, 21, 37) . A laboratory-based validation study for Actical TM was completed among older adults with similar demographic characteristics to our study (17) .
Cognitive function was assessed during REGARDS follow-up telephone interviews using standardized scripts and scoring methods described previously (33) . Cognitive impairment was defined by each participant_s score on the SIS. Four expanded cognitive battery tests with demonstrated usefulness in early identification of cognitive decline, Alzheimer_s disease, or dementia were also used (26) . These tests were Word List Learning (WLL) and semantic fluency (animal fluency [AF] ) from the Consortium to Establish a Registry for Alzheimer_s Disease battery (26) , and letter fluency (LF), recall, and orientation items from the Montreal Cognitive Assessment (MoCA recall and orientation) (27) . These tools assess domains of memory (WLL and MoCA recall and orientation) and executive function (AF and LF) (12, 26) . The z-scores based on the mean and SD for each specific test in domains of memory and executive function were created, respectively. The average z-scores of both tests under each domain were used as the z-score of memory or executive function. Participants were included if they had at least one baseline measure in memory or executive function domain within T12 months of PA assessment and at least one follow-up measure of the same test after the PA assessment (37) . All cognitive assessments have been proven to be valid and reliable for both White and Black participants (12, 26, 27, 33) , with no significant racial/ethnic differences having been reported.
Statistical analysis. Continuous data expressed as MVPA (minIwk j1 ) and MVPA% were skewed, thereby introducing concerns regarding the highly leveraged points. Thus, the primary independent variable of MVPA% was divided into quartiles, allowing for group comparisons and investigation of the dose-response relationship. Because of the inherent variability in daily accelerometer wear time, MVPA% rather than the absolute time spent in MVPA was used as the standard for quartiles to render results comparable among individuals. The main dependent variable was incident cognitive impairment defined as a shift from intact cognitive screening status (SIS score of 5 or 6) at the closest assessment to the baseline PA measurement (within T12 months) to impaired cognitive screening status (SIS score of e4) at the latest follow-up assessment. Secondary dependent variables were the changes in z-scores of memory and executive function. Analyses for this report were based on data acquired through April 2015.
Differences in demographic variables, accelerometer variables, and cognitive tests across quartiles of MVPA% were tested by ANOVA or chi-square tests. Logistic regression analysis was used to estimate the odds ratio (OR) of cognitive impairment and the associated 95% confidence interval (CI), with adjustments made for age, sex, race, region of residence, education, BMI, hypertension, smoking, and diabetes. General linear regression models with adjustment for the previously mentioned confounders, baseline scores, and follow-up time intervals were used to assess the association between PA and changes in z-scores generated from WLL, AF, LF, and MoCA recall and orientation. Results were also stratified by race in this analysis. Regression analysis, including the interaction terms (i.e., sex Â PA and race Â PA), was also conducted, and there were no significant interactions between MVPA% and these confounders, respectively (P 9 0.05). Thus, interaction terms were not included in the final models. All probability values were based on two-tailed tests; P G 0.05 indicated statistical significance. Analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC).
RESULTS
Demographics, accelerometer data, and cognitive function status are displayed in Tables 1 and 2 according to quartiles of MVPA%. Among the 6452 participants, 55.3% were women and 30.5% were Black. The mean T SD age was 69.7 T 8.5 yr. Participants were compliant wearing the accelerometer for 6.6 T 0.8 d. Participants spent most of their wear time in SED (77.1% T 9.3%) and LPA (21.4% T 8.4%). MVPA% was extremely limited (1.5% T 1.9%). Participants with higher MVPA% were significantly more likely to be men, White, younger, well educated, nonsmoker, without diabetes or hypertension, and lower in BMI and blood pressure. Participants with higher MVPA% had significantly better raw scores in WLL, AF, LF, and MoCA recall and orientation and higher baseline z-scores in executive function and memory (P G 0.001).
During a mean T SD follow-up period of 2.9 T 1.1 yr, 346 incident cases of cognitive impairment occurred according to SIS. White and Black adults experienced 209 and 137 cases of incident cognitive impairment, respectively. Higher MVPA% was significantly associated with less decreases in the cognitive scores of WLL, AF, LF, MoCA recall and orientation, executive function, and memory z-scores during follow-up (Table 3 ). The association between MVPA% and risk of cognitive impairment was significant in White and Black adults combined (Table 4) . These relationships remained significant after adjustment for age, sex, race, region of residence, and education in model 2 (quartile 2: OR = 0.63, 95% CI = 0.48-0.84; quartile 3: OR = 0.53, 95% CI = 0.38-0.74; quartile 4: OR = 0.57, 95% CI = 0.40-0.81). In model 3, results were consistent with model 2, with participants in the higher MVPA% quartiles less likely to develop cognitive impairment. Stratified analyses indicated higher MVPA% quartiles were independently associated with lower risk of cognitive impairment among White adults in all models. However, there was no significant association between MVPA% and risk of cognitive impairment in Black adults in the adjusted models (i.e., quartile 4: OR = 0.69, 95% CI = 0.36-1.32 in model 3). Sensitivity analyses were conducted with a minimum of 2 yr between baseline assessment of PA and the next available SIS to exclude any underlying diseases at baseline, but most of the results were identical. Similar analyses were conducted using LPA% and SED% quartiles, but no significant results were found for any of the cohort groupings (see Table 1 , Supplemental Digital Content 1, association of LPA% and SED% with incident cognitive impairment, http://links.lww.com/MSS/A742).
Adjusted linear regression models revealed some significant associations between MVPA% and changes in z-scores for executive function and memory when controlling for age, sex, race, region of residence, education, BMI, hypertension, smoking, diabetes, baseline scores, and follow-up time intervals (Table 5) . Compared with the lowest MVPA% quartiles, all other quartiles maintained better memory performance (P G 0.05), whereas only the highest quartile significantly differed in maintenance of executive function (P = 0.026). In race stratified analyses, higher MVPA% quartiles were independently associated with better maintenance of executive function (quartile 4 of MVPA%) and memory (quartiles 2, 3, and 4 of MVPA%) (P G 0.05) in White adults. In Black adults, higher MVPA% quartiles were independently associated with better maintenance of memory (quartiles 3 and 4 of MVPA%, P G 0.05), but not executive function (P 9 0.05). The preservation of memory over time was of similar magnitude among Black and White adults. Similar analyses were conducted using LPA% and SED% quartiles, but no significant results were observed (see Table 2 , Supplemental Digital Content 2, association of LPA% with change in cognitive z-scores, http://links.lww.com/MSS/A743, and Table 3 , Supplemental Digital Content 3, association of 
DISCUSSION
This study is one of the first to examine the dose-response association between objectively measured PA and cognitive function in a large and racially/ethnically diverse older population. Our study is unique in demonstrating a significant relationship between objectively measured PA and cognitive function among 6452 White and Black older adults during follow-up. Even a minor difference in MVPA% (i.e., only a 3-5 min mean difference between quartiles 1 and 2) was associated with a significantly 36% lower risk of incident cognitive impairment and greater maintenance of executive function and memory over time. The study also indicated that higher MVPA% was independently associated with a 39%-47% less risk of cognitive impairment and maintenance of memory and executive function over time in White adults, as well as maintenance of memory performance in Black adults. These findings confirm our previous cross-sectional analysis in the same cohort (37) and support a dose-response relationship exists between engagement in MVPA% and cognitive performance over time. Interventions should be provided to prevent cognitive decline before symptoms are manifest.
The association between PA and cognitive function has been studied previously (11, 34) . A meta-analysis (13) of 16 prospective studies using self-reported PA indicated that the relative risks of incident dementia and Alzheimer_s disease in the higher PA categories were significantly reduced by 28%-45%. However, these previous studies were limited by the potential bias of self-report measures of PA and also have not been able to explore the effects of LPA and SED on cognitive function. A few studies with objectively measured data have reported that active older adults may have lower risks of cognitive impairment and dementia. One crosssectional study (15) showed that the total accelerometermeasured PA (step counts per week) was positively associated with visual episodic memory and face-name memory accuracy in older adults. Another study (8) reported that greater MVPA (hId The quartiles of the proportion of total accelerometer wear time spent in MVPA. Quartile 1: 0 e MVPA% G 0.17%; Quartile 2: 0.17% e MVPA% G 0.75%; Quartile 3: 0.75% e MVPA% G 2.14%; Quartile 4: MVPA% Q 2.14%. Significant differences (P G 0.05) compared to Quartile 1 were indicated in bold. c Change of cognitive scores refers to the differences of cognitive scores between baseline and follow-up. The negative values mean the cognitive scores decrease over time during follow-up. d Executive z-score refers to the average of standardized scores of LF and AF tests. For participants missing one test, the score would be the result of the other test in the same domain. e Memory z-score refers to the average of standardized scores of word list learning and MoCA recall and orientation tests. For participants missing one test, the score would be the result of the other test in the same domain. MoCA includes a five-word delayed memory recall test and a six-item orientation test. f Significant difference compared to quartile 1 was marked in bold. demonstrated higher levels of aerobic fitness (V O 2max ) predicted better performance on measures of attention and executive function during 6 yr of follow-up. Middleton et al. (25) reported a significant dose-response relationship between activity energy expenditure measured by doubly labeled water and incidence of cognitive impairment over 2-5 yr of follow-up. In the Rush Memory and Aging Project, accelerometer-measured total daily PA (counts per day) was substantially negatively associated with cognitive decline and incident Alzheimer_s disease in older individuals without dementia during a follow-up period of 4 yr (6). The sample sizes of these longitudinal studies were relatively small (N = 197-716) and primarily focused on White Americans. In addition, the methodological differences in objective measures preclude comparisons of studies of the optimal pattern of PA to prevent cognitive decline. With this current analysis, we can more confidently suggest even a small dose of daily free-living MVPA, rather than self-reported PA or structured exercise in clinical settings, was significantly associated with maintenance of cognitive performance.
In the current study, analyses revealed the association between PA and cognitive function remained robust in older adults after multiple adjustments, which confirms previous findings (24, 35) . The Chicago Health and Aging Project reported that more self-report PA was modestly (not independently) associated with less cognitive decline in a large community of White and Black older adults for 6 yr (30). In our REGARDS cohort, the stratified analyses indicated a similar association of MVPA% with memory performance over time among White and Black adults, but with executive function among only White adults. To our knowledge, this is one of the first studies to investigate how race/ethnicity may moderate the relationship between objectively measured PA and cognitive function in older adults. Further observation of this cohort over time is needed to better determine whether disparities exist between White and Black adults with respect to the PA and cognitive function dose-response relationship across specific cognitive domains.
Interestingly, the results regarding LPA% and SED% revealed no significant relationships with cognitive function change over time. These findings suggest PA intensity may also be an important independent factor influencing the relationship between PA and cognitive function in older adults. Other studies applying accelerometer measurements have reported intensity of PA is influential in the association between PA and memory and executive function in older adults (5, 22) . Previous studies have reported a significant association between LPA and various health measures (7), indicating additional follow-up may be necessary to investigate the association between LPA and cognitive function. For SED, computer using time has been positively associated with memory and executive function, whereas television viewing time was negatively associated with cognitive function in older adults (14, 16, 23) . Unfortunately, we were not able to determine the nature of SED in our study. Because of conflicting results in this emerging area, additional investigations are necessary to fully explore the effect of SED on cognitive change. This study has several strengths. First, objectively measured PA was used to examine the association of PA with cognitive function in a large population of White and Black older adults. This allowed for analyses with proportion of time spent being sedentary and in PA of varying intensity. Second, the sample was recruited from a well-characterized cohort of midlife and older Black and White adults living in the United States, and a substantial percentage of participants were quite compliant. Third, we explored the relationships of accelerometer derived PA with specific domains of memory and executive function, in addition to odds of impairment in global cognition. Fourth, this is one of the first studies to stratify results on the relationship between objectively measured PA and cognitive function by race.
The findings of this study were subject to limitations. Disadvantages of using hip-worn accelerometers include not being able to identify types of PA or capture upper-body movement. The application of standard cut points to differentiate time spent being sedentary and physically active at varying intensities does not account for potential differences in fitness levels, especially among older adults. Thus, the measured time in MVPA in our study may be underestimated. Also, the cohort was quite sedentary (911 hId j1 , 77% of accelerometer wearing time), and there was a significant skewness of MVPA%. The limited variability of the dependent variable and trend of the association makes it difficult to determine a precise threshold of MVPA for reducing risk of cognitive impairment. There were no substantial differences by race-sex groups in those agreeing to participate in the accelerometer protocol compared with those who did not, with the exception that those who participated had higher education level (20) . In addition, there were differences by race in the final proportions of usable data with Black adults providing a smaller yield (20) . Thus, the results may not be generalizable to other REGARDS participants.
CONCLUSION
Higher levels of objectively measured MVPA% were independently associated with lower incidence of cognitive impairment in White older adults, with the greatest reduction in risk between the lowest and the next highest MVPA% quartiles (i.e., as little as 4 minId j1 or 28 minIwk j1 of MVPA may be helpful in maintaining cognitive function). Higher levels of MVPA% were also independently and incrementally associated with better maintenance of memory over time for both Black and White adults, as well as maintenance of executive function for White adults. Race may moderate the relationship between PA and certain aspects of cognitive function in older adults. Neither LPA% nor SED% were independently associated with any measures of cognitive function in this cohort.
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